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DEPENDENCE OF RELATIVE QUANTUM YIELD OF LUMINESCENCE OF ZnO ON LENGTH OF 
EXCITATION WAVE 

F. I. Vergunas and F. F. Gavri lov 

ABSTRACT 

The au thors  i n v e s t i g a t e  the dependence of y i e l d  of 
spontaneous luminescence of ZnO on t h e  l eng th  of e x c i t a t i o n  
wave. The n a t u r e  of t h i s  dependence f o r  most phosphor 
c r y s t a l s  has  n o t  y e t  been adequately e s t a b l i s h e d ,  due t o  
t h e  d i f f i c u l t y  of measuring absorp t ion  i n  powders and t h e  
e x i s t e n c e  f o r  most such phosphor c r y s t a l s  of prolonged 
luminescence which may be a source of e r r o r s  i n  measuring 
t h e  y i e l d  of spontaneous luminescence. Zinc oxide i s  
used because i t  o f f e r s  b e t t e r  measurements of t h e  dependence 
i n  ques t ion  than o t h e r  phosphor c r  s t a l s .  Absorption w a s  
determined f o r  ZnO f i lms  10-4--10-2 cm t h i c k  by measuring 
t h e  a t t e n u a t i o n  i n  t h e  l i g h t  passing through them. The 
luminescence of z i n c  oxide,  according t o  measurements of 
i t s  e lectr ical  and o p t i c a l  p r o p e r t i e s ,  i s  a t t r i b u t e d  t o  
t h e  movement of e l e c t r o n s  of the l o c a l  l e v e l  of atoms 
of  t h e  excess  z i n c  t o  t h e  primary zone. 

INTRODUCTION 

This i n v e s t i g a t i o n  had as i t s  purpose determining t h e  dependence /1273* 
of y i e l d  of  spontaneous luminescence of ZnO on t h e  l eng th  of e x c i t a t i o n  wave. 
The work w a s  done because t h e  na tu re  of t h i s  dependence f o r  most phosphor crys- 
t a l s  has  n o t  y e t  been adequately e s t ab l i shed .  
hand by t h e  d i f f i c u l t y  of measuring absorp t ion  i n  powders (usua l  s ta te  of 
phosphor c r y s t a l s )  and on t h e  o the r  hand by t h e  e x i s t e n c e  f o r  most such phos- 
phor c r y s t a l s  of prolonged luminescence which may be a source  of e r r o r s  i n  
measuring t h e  y i e l d  of spontaneous luminescence. 

This  can be explained on one 

Zinc oxide w a s  s e l e c t e d  because according t o  a v a i l a b l e  l i t e r a t u r e  ( r e f .  1 )  
and according t o  our  observa t ions ,  i t  does n o t  possess  phosphoresence and, 

1 moreover, can- e a s i l y  be  obtained i n  t h e  form of t h i n  semi- t ransparent  f i l m s  
1 for which it is p o s s i b l e  t o  measure absorp t ion  by a t t e n u a t i n g  t h e  l i g h t  which 

passes  through i t  r a t h e r  than by the  s c a t t e r i n g  method which is usua l ly  used 
i n  s tudying  powders. 
would b e t t e r  be a b l e  t o  measure the  dependence i n  which w e  w e r e  i n t e r e s t e d  than  

Thus, w e  decided t o  use ZnO because by using i t  w e  

*Numbers given i n  the  margin i n d i c a t e  the pagina t ion  ir? the  o r i g i n a l  fo re ign  
t e x t .  
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were w e  t o  use o t h e r  phosphor c r y s t a l s .  

EXPERIMENTAL PART 

The quantun y i e l d  i s  t h e  product of energy y i e l d  and t h e  r a t i o  between 
t h e  wavelengths of t h e  emi t ted  and t h e  absorbed l i g h t ,  
be  def ined  as t h e  quo t i en t  ob ta ined  i n  d iv id ing  t h e  emit ted energy by t h e  
absorbed energy. I n  t h i s  way, f o r  determining t h e  n a t u r e  of t h e  dependence of 
y i e l d  on t h e  wavelength, knowledge is needed of t h e  l a w s  of absorp t ion  and t h e  
change i n  t h e  s p e c t r a l  composition of emission due t o  t h e  l eng th  of t h e  
e x c i t a t i o n  wave. 
t h e s e  problems. 

The energy y i e l d  may 

Spec ia l  experiments were set up f o r  t h e  purpose of s tudying 

Absorption w a s  determined f o r  ZnO f i l m s  10’4--10’5cm t h i c k  by measuring 
t h e  a t t e n u a t i o n  i n  t h e  l i g h t  passing through them ( r e f .  2 ) .  It w a s  demon- 
s t r a t e d  t h a t  i n  f i lms  of such th ickness ,  wavelengths s h o r t e r  than  385 mp w e r e  
completely absorbed. Apparently t h i s  holds t r u e  f o r  l a y e r s  of g r e a t e r  th ick-  
ness .  

Spec t r a  of luminescence were s tudied  f o r  t hose  same samples of z i n c  oxide 
f o r  which t h e  quantum y i e l d  w a s  determined. The r e s u l t s  ob ta ined  are shown 
i n  F igure  1. It is  apparent  t h a t  t h e  s p e c t r a l  d i s t r i b u t i o n  of luminescence 
does n o t  depend on t h e  wavelength of the  e x c i t a t i o n  l i g h t ,  a t  least  f o r  t h r e e  
wavelengths:  365, 312, and 254 mu.  

The y i e l d  of luminescence was determined f o r  Kahlbaum z i n c  oxide.  The 
samples on which measurements w e r e  taken cons i s t ed  of l a y e r s  of f i ne -c rys t a l -  
l i n e  powder 3 ~ 1 0 - ~  g/cm2 t h i c k  deposi ted from a lcoho l  on cover g l a s s .  
Samples of t h i s  t h i ckness  absorbed completely t h e  e x c i t a t i o n  u n t r a v i o l e t  and 
ha rd ly  a t t enua ted  t h e  i n t e n s i t y  of t h e  luminescence pass ing  through them. A 
PRK-4 l i g h t  (a )  (Figure 2) wi th  a known s p e c t r a l  d i s t r i b u t i o n  of emission 
served  a t  t h e  source  of e x c i t a t i o n .  Monochromatization of i t s  l i g h t  w a s  done 
wi th  a spectograph,  b y  i n  t h e  f o c a l  plane of  which w a s  t h e  cover  g l a s s ,  c y  
wi th  t h e  l a y e r  of oxide f ac ing  the  e x c i t a t i o n  l i g h t .  

/1274 

On t h e  s u r f a c e  of t h e  sample we obtained an  a c t u a l  image of a mercury 
spectrum i n  t h e  form of narrow luminescent bands,  t h e  b r i g h t n e s s  of which w a s  
measured by a P u l f r i c h  photometer, d. The l a t t e r ,  by us ing  t h e  micrometer screw 
e ,  w a s  set so t h a t  t h e  band being measured wi th  t h e  photometer w a s  i n  t h e  c e n t e r  
of t h e  f i e l d  of v i s i o n  of t h e  ob jec t ive .  A b l ack  sc reen ,  f ,  w i th  a narrow s l i t  
al lowing only  one band t o  pass  through, was glued t o  t h e  cover g l a s s .  By 
s h i f t i n g  t h e  sample, i t s  l o c a t i o n  under the s l i t  caused e x c i t a t i o n  of waves of 
d i f f e r e n t  lengths .  
i n  t u r n  t h e  emission of one and t h e  same l o c a t i o n  of t h e  phosphor e x c i t e d  by 
d i f f e r e n t  s p e c t r a l  l i n e s .  
changing t h e  l i g h t  f low of t h e  s tandard  ( t h e  e lec t r ic  l i g h t  w i th  a system of 
l i g h t  f i l t e r s ) .  

I n  t h i s  way i n  t h e  f i e l d  of v i s i o n  of t h e  photometer f e l l  

The f i e l d s  of t h e  photometer were equal ized  by 

Luminescewe i n  t h e  f i e l d  of a mercury spectrum of 365-254 TW w a s  exc i ted .  
Because of t h e  fac t  t h a t  complete absorpt ion corresponded t o  t h e s e  wave l eng ths ,  
t h e  energy y i e l d  w a s  determined as t h e  r a t i o  of t h e  i n t e n s i t y  of emission t o  
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t h e  energy e x c i t a t i o n  i n c i d e n t  on t h e  phosphor. The r a t i o  of t h e  energy exci-  
t a t i o n  and t h e  e x c i t a t i o n  wave l eng th  was taken as t h e  r e l a t i v e  quantum y i e l d .  
The r e s u l t s  are shown i n  Figure 3 .  
y i e l d  of luminescence of ZnO i n  t h e  range of wave l eng ths  of 365-254 ~ Q I  

remains cons tan t .  

It is apparent  t h a t  t h e  r e l a t i v e  quantum 

This  r e s u l t  is  s i m i l a r  t o  t h a t  obtained by S. I. Vavilov ( r e f .  3 )  and h i s  
school  i n  measuring t h e  y i e l d  of luminescence of phosphors ( r e f .  4 ) .  

EVALUATION OF RESULTS 

We cons ider  t h e  luminescence of z inc  oxide,  according t o  measurements of 
i t s  e l ec t r i ca l  and o p t i c a l  p r o p e r t i e s ,  to b e  a t t r i b u t a b l e  t o  t h e  movement of 
e l e c t r o n s  of t h e  l o c a l  l e v e l  of atoms of t h e  excess  z i n c  t o  t h e  primary zone. 
According t o  t h i s  concept t h e  l a c k  of dependence between t h e  y i e l d  and A 
seems n a t u r a l  s i n c e  t h e  p r o b a b i l i t y  of recombining e l e c t r o n s  with t h e  vacan- 
c i e s  w i l l  ha rd ly  depend on t h e  l eng th  of t h e  l i g h t  waves causing t h e  occurrence 
of t h e  la t ter .  Despi te  t h i s ,  w e  considered i t  necessary  t o  set up ex- 11275 
periments  t o  show t h e  l a c k  of dependence of y i e l d  on t h e  i n t e n s i t y  of exc i ta -  
t i o n  f o r  t h a t  range of i n t e n s i t i e s  wi th  which w e  d e a l t  under t h e  t es t  con- 
d i t i o n s .  

The f a c t  of t h e  matter i s  t h a t  t h e  y i e l d  of luminescence of ZnO, remain- 
i n g  a cons t an t  va lue  wi th  g r e a t e r  i n t e n s i t i e s  of e x c i t a t i o n ,  begins  t o  drop 
wi th  s m a l l  i n t e n s i t i e s  ( r e f .  5 ) .  In  order  t o  show t h a t  wi th  t h e  e x c i t a t i o n  
of ZnO by l i n e s  of a mercury spectrum of vary ing  energy ( t h e  b r i g h t e s t  of them 
of 365 mu w a s  e leven t i m e s  more i n t e n s e  t h a t  t h e  weakest of 330 mu) t h e  y i e l d  
s t i l l  d id  n o t  depend on t h e  i n t e n s i t y  of e x c i t a t i o n .  A r e l a t i o n s h i p  w a s  
e s t a b l i s h e d  between t h e  b r igh tness  of luminescence, I ,  exc i t ed  by waves of 
365 and 254 mu, and t h e  energy of e x c i t a t i o n ,  E. W e  took f o r  i n i t i a l  inten-  
s i t i e s  those  wi th  which w e  had been concerned i n  determining t h e  s p e c t r a l  
dependence of y i e l d .  Exc i t a t ion  w a s  a t t enua ted  by t h e  f i l t e r s ,  g (Fig.  2 ) ,  
placed i n  f r o n t  of t h e  prism of t h e  spectrograph.  

The r e s u l t s  of our  measurements a r e  shown i n  Figure 4 .  Here t h e  l i n e a r  
dependence between I and E is  shown by the do t t ed  l i n e .  From Figure 4 i t  
fo l lows  t h a t  wi th  a a t t e n u a t i n g  i n  t h e  i n t e n s i t y  of a l i n e  of 365 mu by a 
f a c t o r  of t e n  t h e  l i n e a r i t y  between I and E i s  preserved ( y i e l d  remains con- 
s t a n t )  and wi th  g r e a t e r  a t t e n u a t i o n  i n  e x c i t a t i o n  t h e  y i e l d  begins  t o  drop 
( i n t e n s i t y  of luminescence decreases  f a s t e r  than ,  p ropor t iona l ly ,  t h e  
i n t e n s i t y  of e x c i t a t i o n ) .  The na tu re  of t h e  dependence of I on E i s  t h e  
s a m e  f o r  bo th  wave l eng ths  (curves are p a r a l l e l ) .  

It w a s  shown above t h a t  t h e  i n t e n s i t y  of t h e  weakest e x c i t a t i o n  l i n e  w a s  
From Figure 4 i t  fo l lows  t h a t  even f o r  9% of t h e  energy of a l i n e  of 365 mu. 

i t  t h e  y i e l d  s t i l l  does no t  depend on the i n t e n s i t y  of e x c i t a t i o n .  For 
b r i g h t e r  l i n e s  t h i s  is  t r u e  t o  an even greater degree.  I n  t h i s  way, t h e  
s t r a i g h t  l i n e  shown by us  i n  Figure 3 corresponds t o  t h e  t r u e  dependence of 
relative quantum y i e l d  on t h e  e x c i t a t i o n  wave l eng th .  

3 



Fig. 1. Spectra of luminescence of ZnO 
excited by waves of different 
lengths. 

Fig. 2. 

Fig. 3. Dependence of relative quantum Fig. 4 .  Dependence of brightness of 
yield of luminescence of ZnO ' luminescence of ZnO on 
on the length of excitation 
wave. 

intensity of luminescence. 

4 



, L  

. '  . 
- ,  

.' 
REFERENCES 

NASA TT F-10,390 

1. Ril', N.: Luminescence, 1946. 
2. Vergunas, F. I., and F. F. Gavrilov: Works of SFTI, v. 24, 181, 1947. 
3 .  Wawilow, S. I.; Z. f. Phys., 4 2 ,  311, 1927. 
4. Solomin, S. S.: DAN, 31,  NO. 8, 1941. 
5. Vergunas, F. I., and F. F. Gavrilov: Works of SFTI, v. 24, 177, 1947. 

Siberian Physics-Technical 
Institute, Tomsk State 
University im. V. V. Kuybyshev 

Submitted 
January 5, 1948 

Translated for National Aeronautics and Space Administration by 
INTERNATIONAL INFORMATION INCORPORATED 

5 


